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Reliable literature data showed that numerous factors could infl uence the increase of spontaneous micronuclei (MN) frequency (LevarioCarrillo et al. 2005; Neri et al. 2005) , as well as the frequency induced by different chemical (El-Zein et al. 2005; Pedersen et al. 2006) , physical (An and Kim 2002) and biological agents (Suarez et al. 2007) .
The MN are small extranuclear bodies that arise in dividing cells from acentric chromosome, tial changes in the environment on the MN frequency in cord blood lymphocytes of both male and female newborns, who were born in Kragujevac seven years after the environmental pollution, as well as to show variability of frequencies of this biomarker in relation to substantial changes in environment in four different periods.
MATERIAL AND METHODS
The examined population included 41 phenotypically healthy newborns of both genders (20 males and 21 females) observed at the Department of Obstetrics and Gynecology in Kragujevac (the city located in the central Serbia), in 2006, seven years after the strong environmental contamination. Each newborn baby was 0 day old. Mothers group was on the average 28.71 ± 4.96 years old, ranging from 19 -40. All mothers kept a traditional dietary habit, without any therapy during the pregnancy, and were not occupationally exposed to known mutagenic agents (Table 1) . Sixteen of 41 mothers were smokers (< 20 cigarettes per day).
Venous blood samples of newborns were collected by umbilical puncture. Cultures were initiated by adding 0.5 ml of heparinized whole cord blood to 4.5 ml Parker 199 medium (Torlak Belgrade) supplemented with 15% fetal calf serum (Sigma, St. Louis, MO, USA) and 3% phytohemaglutinin (PHA INEP Belgrade). Two cultures of each baby were incubated at 37 o C for 72 hrs.
Cytochalasin B (Sigma) was added to the culture at a fi nal concentration of 4 µg/ml, 44 hrs after the beginning of the incubation. At the 72nd hr, the cells were centrifuged, then washed with 0.9% NaCl, collected by centrifugation and had a short hypotonic treatment with 0.075M KCL at room temperature. After three cycles in methanol-acetic acid solution 3:1, the cell suspension was dropped onto clean, cold and lamp-dried slides. Slides were stained in 2% alkaline Giemsa (Alfapanon Novi Sad, Serbia). The MN were scored in 1,000 binucleated CB cells per newborn (using a 400x magnifi cation), according to the criteria described by Fenech (2000) . The frequency of MN was expressed as micronucleated binucleated cells (MNCB) per 1,000 cells. The obtained results were compared by the application of paired t-test. All data were expressed as mean ± S.D. Differences with p < 0.05 were considered to be statistically signifi cant. Analysis of variance (ANOVA) was used to compare the variation of MN in relation to contamination. chromatic fragments or whole chromosomes or chromatids that lag in anaphase and are not included in the daughter nuclei in telophase (Fenech and Morley 1985) . Determination of MN in blood lymphocytes is well established as a standard method for evaluation of both genomic instability and genotoxic exposure in human biomonitoring studies (Norppa et al. 1993; Fenech 1997) .
Numerous studies (Bockay et al. 2005; Neri et al. 2006) showed a relationship between the increase of MN frequency in peripheral blood lymphocytes of children, cord blood lymphocytes of newborns and exposure to environmental toxicants. Pedersen et al. (2006) found the effects of air pollutants on children ' s health by utilizing the frequency of micronuclei in peripheral blood lymphocytes of children and mothers by comparing two different regions with high and low air pollution in the Czech Republic.
The fact is that chromosomal abnormalities are an important cause of infertility, congenital anomalies and malignant diseases. Several studies suggest that in utero exposure to environmental pollutants can result in chromosomal aberrations, carcinogenic DNA-adducts and also increased risk of child cancer (Pluth et al. 2000; Perera et al. 2004 ). Whyatt et al. (1998) reported that DNA repair effi ciency in the fetus was lower than in the adults, therefore the fetus was more sensitive to the effects at the level of a genotype. Although placenta is known to be a critical organ for any fetotoxicity, but for ethical reasons (Vähäkangas and Myllynen 2006) , drugs and toxic chemicals cannot be studied in vivo in pregnant women.
In the previous paper (Milošević-Djordjević et al. 2005) , we showed that environmental pollution, caused by the air strikes on "Zastava" complex in Kragujevac (the city in the central Serbia), in the spring of 1999, signifi cantly increased MN frequency in lymphocytes of newborns born 12 months after pollution. After 18 months of the pollution, environmental components had no noticeable effects on MN frequencies in newborns. With regard to these results, the aim of this study was to investigate in utero effect of substan-
RESULTS
A total of 41 newborns, 0 day old, were included in the study during 2006. All mothers of the newborns were not occupationally exposed to known mutagenic agents, and were without any therapy and special diet ( Table 1) . The examined neonates included 20 males and 21 females. The total mean of MN ± S.D. was 4.73 ± 3.38/1,000 CB cells ranging from 0 to 12 MN/1,000 CB cells ( Table 2) .
The results of individual MN frequencies in both male and female newborns are presented in Table 2 . The mean value of MN in cord lymphocytes in males was 4.35 ± 4.00 with the variation range from 0 to 12 MN/1,000 CB cells. The mean value of MN in cord blood lymphocytes in females was 4.62 ± 2.97, with range of variation from 0 to 11 MN/1,000 CB cells, which was not signifi cantly different from the MN frequency in males. No signifi cant difference of MN frequencies was observed in the newborns in regard to the mothers , age 19 to 29 (4.67 ± 3.53 MN/1,000 CB cells) and 30 to 40 (4.82 ± 3.24 MN/1,000 CB cells). There were not statistically signifi cant differences in mean frequency of MN between male and female newborns whose mothers were cigarette smokers in comparison to those whose mothers were non-smokers (Table 3) . Both male and female newborns whose mothers were nonsmokers had nonsignifi cantly higher mean frequency of MN (4.91 ± 4.11 in males, and 4.86 ± 3.30 in females) in comparison to the mean frequency of those newborns whose mothers were cigarette smokers (3.67 ± 4.00 in males, and 4.14 ± 2.34 in females).
The results of analysis of variance (ANOVA) for MN frequency in all samples of newborns (n = 102), who were born in Kragujevac in four different periods (Table 4 ), show that between groups and within group variances were significantly different (F = 6.95, p = 0.000). The 
DISCUSSION
The aim of biomonitoring studies in the humans exposed to genotoxicants is primarily to identify individuals or populations at the risk of developing chronic diseases (Bonassi et al. 1995) . It is well documented that the frequency of chromosomal damages in circulating lymphocytes is a relevant biomarker of health risk in humans, refl ecting both early biological effects of exposure to genotoxic carcinogens and individual susceptibility (Price et al. 1978) . The fact that the presence of MN occurs as a result of chromosome damage and refl ects the degree of genetic instability was reported by numerous authors (Rössner et al. 2002; Mateuca et al. 2006; Zalacain et al. 2006) . The cytotokinesis-block micronucleus (CBMN) assay is a preferred method for measuring MN in the cultured cells. This test can be used for the study of cellular and nuclear dysfunction caused by in vitro or in vivo ageing, micronutrient defi ciency or excess, genotoxin exposure and genetic defects in genome (Fenech 2006) . The aim of this study was to evaluate the frequency of MN by using CBMN assay in cord blood lymphocytes in newborns who born in Kragujevac (the city located in central Serbia) in 2006 that is seven years after extensive environmental pollution, with damage to soil, water and air. The mean frequency of MN found in our study was 4.73 per 1,000 binucleated cells.
The results of 41 newborns of both genders (20 males and 21 females) did not show a significant difference in the MN frequency in the newborns relating to gender ( p > 0.05). This difference based on gender was found in the results of other researchers, who reported that gender could be important determinant for this differentiation only in adults (Barale et al. 1998; Bolognesi et al. 1999; Bonassi et al. 2001; Pedersen et al. 2006) .
We evaluated two factors such as mother , s age and cigarette smoking as potential factors that could modify the values of MN. No signifi cant difference was observed in the frequency of MN among the newborns whose mothers aged 19-29 and 30-40 ( p > 0.05). Similar results were reported by Cui et al. (1990) who studied the effect of maternal age on chorionic villus micronuclei (CVMN), and did not fi nd the correlation between CVMN frequency and maternal age.
There was no signifi cant difference between the newborns who in utero exposed to maternal cigarette smoking and the unexposed newborns ( p > 0.05). The effect of smoking was evaluated in a large number of biomonitoring studies on exposed or non exposed populations. In the literature, data on peripheral blood lymphocyte are the most frequent. Di Giorgio et al. (1994) showed positive results, but large number of reports did not fi nd any correlation between MN and smoking. Thus, Bonassi et al. (2003) , applying the pooled re-analysis of 24 databases from the Human Nucleus (HUMN) international collaborative project, confi rmed that smokers did not experience the increase in MN frequency. Effect of maternal smoking on the newborn MN was studied by a few authors. Our results are in agreement with earlier results reported by Salonen and Lahdetie (1993) , who investigated the effect of maternal smoking on the frequency of chromosome aberrations in fi rst trimester chorionic villus cells. They reported statistically nonsignifi cant differences between non-smoking and smoking mothers.
We noticed that both male and female newborns whose mothers were cigarette smokers had nonsignifi cantly lower mean frequency of the MN in comparison to mean frequency in the newborns whose mothers were non-smokers. This fi nding is in agreement with the results reported by Gourabi and Mozdarani (1998) and Rothfuss et al. (1998) . They concluded that a few cigarettes per day might stimulate cell-protective response, causing an apparent lowering in the MN frequency. In our study, mothers smoked < 20 cigarettes per day.
Comparing the newborns born in three different time periods, 12 months, 18 months and seven years after pollution, a decrease in MN frequency was observed. The MN values significantly decreased in newborns born in 2006 in comparison to newborns born 12 months after the pollution (in the beginning of 2000), and nonsignifi cantlly decreased in comparison to newborns born 18 months after the pollution (at the end of 2000). The decrease in MN frequencies corresponded to substantial changes in environment in our city during these periods.
Many studies reported that genetic damage and exposure to pollutants increased the MN frequency in children. Wronka et al. (2000) detected a relationship between the MN frequency in buccal epithelium cells and exposure to air pollutants in two different samples of children. Very recently, Neri et al. (2006) , applying meta-analysis, showed that exposure to airborne pollutants, soil and drinking water contaminants mostly increased chromosome aberration and MN levels in children. Our results show that reduction of environmental pollution decreased the number of binucleated cells containing more than 1 MN/1,000 CB cells. Only 6 newborns out of 41 (14.6%) showed more than 1 MN/1,000 CB cells in respect to 7/22 newborns born in the beginning of 2000 (31.8%), and 2/14 newborns born at the end of 2000 (14%).
Analysis of variance and greater inter-individual variation also demonstrated relationship between the MN frequencies and the level of environmental pollution in four different periods in our city (F = 6.95, p = 0.000).
If we accept that micronuclei in circulating lymphocytes are a relevant biomarker for biological effects of exposure to genotoxins, we can speculate that decrease of MN frequency in cord blood lymphocytes of newborns born seven years after environmental pollution, corresponds to substantial changes in environment in our city. Environmental pollution is the potential risk for human health, and detection of micronuclei in cord blood lymphocytes is an important method for identifi cation of transplacental mutagens in evaluation and protection of childrens' health.
